
Extracting Pn from 6-bin fit

• We define Pn using angular distribution of leptons:

• Fit this function to our unfolded distribution to extract Pn (p0 in 
the root stats box below), ignoring correlations between bins

• Fitted result: Pn=-0.035±0.018

• Result in PAS:  Pn=-0.035±0.028

• but uncertainty accounts for correlations

• Central values are consistent
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1 Introduction1

In the standard model (SM), tops and anti-tops in tt pair production are produced unpolarized2

from QCD. A small polarization is expected in the SM from tt production through the Wtb3

coupling and the tops produced via this mechanism are left handed. In physics beyond SM,4

couplings of the top to new particles can alter its polarization. Thus net polarization of the tops5

produced in tt production would be a good way to separate the new physics from the SM.6

The polarization of the top is reflected in the kinematic distributions of its daughters, because7

the top decays before hadronization effects can wash away this information. Among all the8

particles coming from the decay of the top, the charged lepton is most sensitive to the top’s9

polarization [1]. The top polarization Pn along a chosen axis n̂ can thus be measured from the10

angular distribution of the charged leptons from the decays, measured in the top quark rest11

frame:12
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where θl,n is the direction of the lepton with respect to n̂ and κl is the spin analyzing power13

of the lepton, equal to 1.0. In this analysis the helicity axis is used, where n̂ is given by the14

direction of the top in the tt CM frame.15

This note presents a measurement of the top polarization in the helicity basis, using a data16

sample corresponding to an integrated luminosity of 5.0 fb
−1

collected at
√

s = 7 TeV by the17

Compact Muon Solenoid (CMS) experiment at the LHC. A detailed description of the CMS18

detector can be found elsewhere [2]. Dilepton decays of the tt pair are used, and the top po-19

larization is measured using the reconstructed objects. Because the reconstructed polarization20

is shaped by the reconstruction efficiency and resolution, we apply an unfolding technique to21

recover the parton-level distribution which can be compared with theoretical predictions.22

2 Event samples, reconstruction, and preselection23

The data used for this measurement were collected using one of the ee, eµ, or µµ high-pT24

double-lepton triggers. Muon candidates are reconstructed using two algorithms that require25

consistent signals in the tracker and muon systems: one matches the extrapolated trajectories26

from the silicon tracker to signals in the muon system (tracker-based muons), and the second27

performs a global fit requiring consistent patterns in the tracker and the muon system (globally28

fitted muons) [3]. Electron candidates are reconstructed starting from a cluster of energy de-29

posits in the electromagnetic calorimeter. The cluster is then matched to signals in the silicon30

tracker. A selection using electron identification variables based on shower shape and track-31

cluster matching is applied to the reconstructed candidates [4]. Electron candidates within32

∆R ≡
�

(∆η)2 + (∆φ)2 < 0.1 from a muon are rejected to remove candidates due to muon33

bremsstrahlung and final-state radiation. Both electrons and muons are required to be isolated34

from other activity in the event. This is achieved by imposing a maximum allowed value of35

0.15 on the ratio of the scalar sum of track transverse momenta and calorimeter transverse en-36

ergy deposits within a cone of ∆R < 0.3 around the lepton candidate direction at the origin37

(the transverse momentum of the candidate is excluded), to the transverse momentum of the38

candidate.39

Event preselection is applied to reject events other than those from tt in the dilepton final state.40

Events are required to have two opposite-sign, isolated leptons (e
+

e
−

, e
±µ∓, or µ+µ−). Both41
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• We can also recalculate the PAS result, ignoring correlations

•                                                where we now evaluate the stat 

uncertainty based on the plotted error bars alone

• Result: Pn=-0.035±0.019

• Central value and uncertainty consistent with result from fit of 
Pn=-0.035±0.018

• Also try fitting flat function                                                       
(right)

• chi2/ndf = 4.1/5

• consistent with flatness
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2 3 Preselection yields and top polarization at reconstruction level

|η| < 2.5 (2.4). The reconstructed lepton trajectories must be consistent with a common inter-42

action vertex. In the rare case (< 0.1%) of events with more than two such leptons, the two43

leptons with the highest pT are selected. Events with an e+e− or µ+µ− pair with invariant44

mass between 76 and 106 GeV/c2 or below 12 GeV/c2 are removed to suppress Drell–Yan (DY)45

events (Z/γ∗ → �+�−) as well as low mass dilepton resonances. The jets and the missing trans-46

verse energy Emiss
T are reconstructed with a particle-flow technique [5]. The anti-kT clustering47

algorithm [6] with a distance parameter of 0.5 is used for jet clustering. At least two jets with48

pT > 30 GeV/c and |η| < 2.5, separated by ∆R > 0.4 from leptons passing the analysis selection,49

are required in each event. At least one of these jets is required to be consistent with coming50

from the decay of heavy flavor hadrons and be identified as a b jet by the CSVM b-tagging51

algorithm [7], which relies on tracks with large impact parameters. The Emiss
T in the event is52

required to exceed 30 GeV, consistent with the presence of two undetected neutrinos.53

Signal and background events are generated using the MADGRAPH 4.4.12 [8] and PYTHIA54

6.4.22 [9] event generators. For tt events, POWHEG with PYTHIA is used for the tt → �+�−55

component, while the remainder, denoted tt → other is generated using MADGRAPH. The56

samples of DY with M�� > 50 GeV/c2, diboson (WW, WZ, and ZZ only: the contribution from57

Wγ is assumed to be negligible), and single top quark events are generated using MADGRAPH.58

The DY event samples with M�� < 50 GeV/c2 are generated using PYTHIA.59

Events are then simulated using a GEANT4-based model [10] of the CMS detector, and finally60

reconstructed and analyzed with the same software used to process collision data. The cross61

section for tt production is taken from a recent CMS measurement [11], while next-to-leading62

order (NLO) cross sections are used for the remaining SM background samples.63

With the steadily increasing LHC instantaneous luminosity, the mean number of interactions64

in a single bunch crossing also increased over the course of data taking, reaching about 1565

at the end of the 2011 running period. In the following, the yields of simulated events are66

weighted such that the distribution of reconstructed vertices observed in data is reproduced.67

The efficiency for events containing two leptons satisfying the analysis selection to pass at least68

one of the double-lepton triggers is measured to be approximately 100%, 95%, and 90% for69

the ee, eµ, and µµ triggers, respectively [12], and corresponding weights are applied to the70

simulated event yields. In addition, b-tagging scale factors are applied to simulated events for71

each jet, to account for the difference between b-tagging efficiencies in data and simulation [7].72

3 Preselection yields and top polarization at reconstruction level73

The observed and simulated yields after the event preselection are listed in Table 1, in which74

the categories tt → �+�− and DY→ �+�− correspond to dileptonic tt and DY decays, including75

τ leptons only when they also decay leptonically. All other tt decay modes are included in the76

category tt → other. The yields are dominated (92%) by top-pair production in the dilepton77

final state, with the largest background coming from single top production. The tt → �+�−78

yields are normalized such that the total simulated yield matches the data. Comparisons be-79

tween data and the simulation for the number of vertices and the number of b tagged jets are80

shown in Figure 1.81

From Equation 1, the top polarization can be extracted from

Pn =
N(cos(θ+

l ) > 0)− N(cos(θ+
l ) < 0)

N(cos(θ+
l ) > 0) + N(cos(θ+

l ) < 0)
,

where θ+
l is the production angle of the positively charged lepton in the rest frame of its parent82
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